Abstract: Arbuscular mycorrhizal (AM) are symbiotic systems in nature and have great significance in promoting the growth and stress resistance of medicinal plants. During our literature searchfrom the Chinese Scientific Information Database (Chinese National Knowledge Infrastructure, CNKI) we obtained 65 articles with "AM fungi" and "medicinal plant" as the key words, which indicates that in China, research efforts on these topics have been increasing. The main purposes of this review are to discuss the effects of mycorrhiza on the active ingredients of Chinese medicinal plants in comparison with results obtained in other plants in studies conducted by the international research community, and to introduce works published in Chinese journals to international colleagues.
Introduction
Arbuscular mycorrhizal fungi (AMF) constitute a key functional group of soil biota, and contribute greatly to crop productivity and ecosystem sustainability in new plant production strategies (Gianinazzi et al., 2010) . AMF can form symbiotic relationships with more than 80% of the vascular plants on the land. They can improve the growth and development of plants by promoting the absorption of mineral nutrition and by improving the stress resistance abilities of plants. They also can maintain the balance of micro-ecology of the soil, stabilize soil aggregates, and prevent erosion. So the beneficial effects of AMF on plant performance and soil health are essential for the sustainable management of agricultural ecosystems (Jeffries et al., 2003; Barrios, 2007; Smith and Read, 2008) .
The knowledge of Traditional Chinese Medicine ( TCM) is the wisdom accumulated for thousands of years (Wang et al., 2011a; Xu et al., 2011) . Its effectiveness has been recognized by the Chinese people (Wang et al., 2011b; Xutian et al., 2012) . The highquality of Chinese herbal medicine is important to ensure the efficacy of TCM (Cai et al., 2011; Chen et al., 2011) . In recent years, the dramatic increase in the production and decline in quality of Chinese herbal medicines resulted in a crisis in the development of TCM. The cropping obstacle of medicinal plant cultivation is an important factor affecting the production of Chinese herbal medicines. AMF have positive effects in helping medicinal plants to resist pests, diseases, and adverse environmental stresses and improve yield and quality. Therefore, AMF will help to promote the ecological restoration of cultivated soils of medicinal plants.
Mandala (Datura stramonium L.) and Schizonepeta [Schizonepeta tenuifolia (Benth.) Briq.] are the first two medicinal plants known to be affected by AMF Wang, 1989, 1991) . It has been shown that AMF promote the accumulation of the effective ingredients of medicinal plants, which has become a hot research area lately (Fig. 1 , Chen et al., 2009b) . The main purpose of these research is to increase the yield and to improve the quality of medicinal 
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materials. However, in-depth research is required to understand the mechanisms of the effects of AMF in the accumulation of effective ingredients of medicinal plants (Toussaint, 2007) . The great potential of TCM and the relationship between AMF and the secondary metabolism of medicinal plants have been studied intensively in China and reported in Chinese journals. However, the results of these studies largely remain unknown by researchers worldwide. Therefore, here we summarize the current research progress on the relationship between AMF and medicinal plants in China.
Research on AMF and Medicinal Plants in China for the Past Two Decades
Research efforts on the relationship between medicinal plants and AMF increased significantly during the past twenty years in China (Fig. 1) . The research topics included the resources of AMF, inoculation methods, and the growth, development and secondary metabolites of AMF in association with medicinal plants (Fig. 2) . Thirty-five papers were related to the growth and development, stress tolerance, nutrient uptake, and biomass accumulation of medicinal plants in the presence of AMF. Twenty-six papers focused on secondary metabolites of medicinal plants associated with AMF. These metabolites included terpenes (such as total essential oil, sesquiterpene, and diterpenes), alkaloids (such as scopolamine, berberine, and camptothecin), and phenols (such as flavonoids and coumarin). A total of 14 articles focused on the basic biology of AMF and medicinal plants, such as infection process and infection condition.
These studies involved 33 species from 17 families (Table 1) , especially medicinal plants such as Salvia miltiorrhiza Bge, Atractylodes macrocephala Koidz., Panax ginseng C. A. Mey., Ginkgo biloba L., and Camptotheca acuminate. Some of them are commonly used medicinal plants in China, such as Panax ginseng C. A. Mey., Panax notoginseng (Burk) F. H. Chen, Salvia miltiorrhiza Bge, Ophiopogon japonicus, Atractylodes macrocephala Koidz., Atractylodes lancea (Thunb) DC., Artemisia Annua L., and Glycyrrhiza Solanaceae Datura stramonium L. (Wei and Wang, 1989) Remove rheumatism, treat cough, alleviate pain Araliaceae Panax ginseng C. A. Mey. (Zhang et al., 1990; Xing et al., 2000 Xing et al., , 2003 Li, 2003a; Cho et al., 2009) Reinforce vital energy, restore physiological weakness
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Panax notoginseng (Burk) F. H. Chen (Ren et al., 2007; Zhang et al., 2011b) Remove passive congestion, detumescence, treat pain, hemostasis Labiatae Salvia miltiorrhiza Bge (He et al., 2009a, b; Wang and He, 2009; Ma et al., 2009; He et al., 2010; Meng and He, 2011; He et al., 2012a) Treat irregular menstruation, cardiovascular diseases, hepatitis, and asthma Schizonepeta tenuifolia (Benth.) Briq (Wei and Wang, 1991) Treat flu, headache and vomiting
Bupleuruin scorzonerifolium Willd. (Teng and He, 2005) Treat cold and fever, chest pain, irregular menstruation; uterine fall off, rectocele Scutellaria baicalensis Georgi He et al., 2012b) Treat respiratory tract infection, Lung fever cough, pneumonia, diarrhea, quickening uneasy, hypertension alleviate heat, detoxification Mentha arvensis (Gupta et al., 2002) Treat headache, sore throat, mouth sores, toothache alleviate heat, detoxification Mentha viridis (Karagiannidis et al., 2011) Treat headache, sore throat, mouth sores, toothache Pogostemon cablin (Blanco) Benth. (Arpana et al., 2008; Rakshapal et al., 2012) Treat abdominal pain, loss of appetite, vomiting, have a headache, fever, tinea Gentianaceae sp.
Gentiana manshurica Kitag. (Wang et al., 1998) Treat acute icterohepatitis, fever, and convulsions Liliaceae Aloe barbadensis Miller (Gong et al., 2002) Antibacterial, anti-inflammatory and enhance immunity Ophiopogon japonicus (Thunb.)
Ker-Gawl. (Pang et al., 2008) Treat cough, insomnia and constipation
Paris polyphylla Smith var. yunnanensis (Franch.) Hand.-Mazz. (Zhou et al., 2009 (Zhou et al., , 2012 Treat malignant boil and swell, sore of the throat, and trauma
Ginkgoales engler
Ginkgo biloba L. (Qi et al., 2002 (Qi et al., , 2003 Zhang et al., 2004; Wu and Wei, 2008) Furit: treat cough and gasp, wet dream, frequency of urination, and hypertension Gramineae Coix lachrymal-jobi L. var. mayuen (Roman.) Stapf (Li, 2003b) Treat diarrhea, edema, dermatophytosis, and pulmonary abscess Nyssaceae Camptotheca acuminata (Huang et al., 2003; Yu et al., 2010; Yu and Yan, 2012) Camptothecaacuminata used for treatment of tumors He, 2005, 2008; Lu et al., 2008a,b; Wang et al., 2010; Lu et al., 2011) Treat abdominal distension, diarrhea, edema, spontaneous perspiration, and fetal irritability
Atractylodes lancea (Thunb) DC. (Guo et al., 2006; Zhang et al., 2010; Zhang et al., 2011a) Treat abdominal fullness and distention, diarrhea, edema, dermatophytosis, rheumatism, cold, and nyctalopia Artemisia Annua L. (Kapoor et al., 2007; Chaudhary et al., 2008; Rapparini et al., 2008; Huang et al., 2011) Resist malaria Rutaceae Phellodendron amurense Rupr (Fan et al., 2006 (Fan et al., , 2012a Jie et al., 2007; Cai et al., 2008; Wang et al., 2012b) Dysentery, detoxicate and cure furuncles
Phellodendron chinense Schneid (Zhou and Fang, 2007) Dysentery, detoxicate and cure furuncles
Citrus aurantium L. (Wu et al., 2010) Promote digestion and increase appetite Leguminosae sp.
Puerraria lobata (willd.) Ohwi Treat fever, headache, and diarrhea
Astragalus membranaceus He et al., 2009c) Increase immunity, treat diabetic mellitus Glycyrrhiza inflata Bat (Liu and He, 2009) Clear away toxic materials, eliminate phlegm, and relieve cough Glycyrrhiza uralensis Fish Clear away toxic materials, eliminate phlegm, and relieve cough Oleaceae Forsythia suspense (Thunb.) Vahl Clear away toxic materials, treat cold, fever, and sore throat Apiaceae Angelica dahurica (Fisch.) Benth. et Hook (Cao and Zhao, 2007; Zhao et al., 2009 Zhao et al., , 2011 Treat headache, toothache and nasosinusitis Taxaceae Taxus chinensis var. mairei (Ren et al., 2008) Anti-cancer Araceae Pinellia ternate (Thunb.) Breit. (Chen et al., 2009a Guo et al., 2010; Shen et al., 2011) Treat cough and vomit Ranunculaceae Coptis deltoidea C.Y. Heat-clearing and damp-drying, purging fire for removing toxin 
Resources of AMF Associated with Medicinal Plants
Resources of AMF associated with medicinal plants are very rich and valuable in China. Many researchers have isolated and/or identified AMF from the rhizosphere of different medicinal plants He et al., 2012c; Yang et al., 2012a; Zhao et al., 2012) . Some AMF have been identified at genus or species levels ( Table 2 ). In addition, researches on the resources of AMF associated with medicinal plants, the relationship between AMF diversity and the growth or quality of medicinal plants, and the selection and production of effective AMF inoculum have contributed to the Acaulospora cavernata, Acaulospora spinosa, Glomus fasciculatum, Glomus geosporum, Glomus macrocarpum, Glomus microaggregatum, Glomus mosseae, Sclerocystis coremioides, Sclerocystis clavispora, Scutellospora calospora sustainable development of TCM. Further investigations will likely help to bring huge economic and environmental benefits.
Relationship between AMF Resources from the Rhizosphere of Medicinal Plants with Environmental Factors
The status of infection of AMF on medicinal plants varies because of different soil conditions (Zhao et al., 2012) . The rate of AMF colonization is greatly impacted by soil properties such as pH, available phosphorus, and nitrogen in the rhizosphere of Puerraria lobata (willd.) Ohwi (Leguminosae), Salvia miltiorrhiza Bge. (Labiatae), Dioscorea opposite (Dioscoreaceae), Adenophora borealis (Apiaceae), Bupleurum chinense DC.
(Apiaceae), and Angelica dahurica (Fisch.) Benth. (Apiaceae) Gao and He, 2007; Cao and Zhao, 2007; Wang et al., 2008; Ma et al., 2009; He et al., 2010) . Seasonal changes in environmental factors such as soil temperature, humidity, and rhizospheric microorganism, also impacted AMF. It has been found that the spore densities and colonization rates of AMF change with seasons on the medicinal plants Puerraria lobata (willd.) Ohwi and Salvia miltiorrhiza Bge. Wang and He, 2009) . Wang et al. (2012b) have found that the infection rate, abundance, dominancy and diversity index of the mycorrhizae in urban plantation, natural secondary forest, and natural primary forest are significantly different in different environments. (Zhou et al., 2009) 11 species of Caulospora, 7 species of Glomus, 3 species of Gigaspora, 3 species of Scutellospora Salvia miltiorrhiza Bge. 16 species of Glomus, 5 species of Acaulospora, 2 species of Scutellospora, 1 species of Entrophospora Pinellia ternate (Thunb.) Breit. Glomus mosseae, Glomus intraradices, Glomus melanosporum, Glomus deserticola, Scutellospora castanea, Gigaspora albida Salvia miltiorrhiza Bge. 9 species of Glomus, 3 species of Acaulospora, 1 species of Scutellspora Coptis deltoidea C.Y. 17 species of Acaulospora, 7 species of Glomus, 2 species of Gigaspora, 1 species of Entrophospora, 1 species of Paraglomus, 2 species of Archaeospora
AMF Diversity and the Degradation of Medicinal Plant Varieties
Chen et al. (2010) have found that the spore type and quantity of AMF are richer in Guizhou Province than other provinces, and that the dominant AMF species in the rhizospheres of the wild and cultivated plants of Pinellia ternate (Thunb.) Breit. is quite different. For example, Gigaspora albida only occurs in cultivated plants, and Glomus elanosporum only occurs in the wild plants. The differences in the type, quantity, and dominant species of AMF may be the main causes leading to the degradation of cultivated varieties of Pinellia ternate (Thunb.) Breit. The rate of natural infection is slower in the cultivated medicinal plants than in the wild ones, which may be caused by the excessive use of chemical fertilizers and pesticides (Zhang et al., 1990) .
AMF Diversity and Continuous Cultivation of Medicinal Plants
The continuous cultivation of medicinal plants leads to low AMF diversity in the rhizosphere and an imbalance in soil microbial communities, which destroys the microenvironment of the soil. Spore density and AMF structures are very useful indicators of ecological conditions and the capabilities of plants to form mycorrhiza. The percent of vesicular colonization can be used as an evaluation index of soil conditions to grow medicinal plants Ma et al., 2009) , or a "diagnostic agent" of soil degradation.
AMF Resources and the Production of Endangered and Precious Chinese Herbal Medicines
Sanqi [Panax notoginseng (Burk) F. H. Chen] is a precious, unique and bulk Chinese medicinal plant. Zhang et al. (2011) have found that the natural infection rate of sanqi is significantly correlated with its fresh weight. Artificial inoculation experiments in the field have shown that Glomus mosseae and Glomus versiforme significantly improve the biomass of sanqi (Zeng et al., unpublished) . So using AMF to improve the production of medicinal plants in cultivation processes is an important and useful technique. Polyphylla (Paris polyphylla Smith var. yunnanensis) is an endangered and precious medicinal plant mainly distributed in the southwest of China. The average growth cycle for the production of qualified medicinal materials is 6-8 years. Zhou et al. (2009) have identified 24 species of AMF from the rhizosphere of polyphylla. In subsequent studies , they have found that the infection rate and spore density are positively correlated with the total steroidal saponins of the roots. Therefore, AMF are likely one of the important factors impacting the production of active ingredients of medicinal plants. It may be beneficial to infect the plant with AMF to enhance the quality and to shorten the growth cycle of polyphylla. Studying valuable and endangered medicinal plants with long growth cycles and their dominant AMF species are important for the conservation and sustainable development of medicinal plant resources.
AMF Resources, Infection Rate and Development of Exclusive Inoculants of Medicinal Plants
Based on the results of the investigations on AMF resources, a series of studies have been carried out to study the effects of AMF on the growth and production of effective ingredients of medicinal plants. For example, the natural infection rates of AMF are low in the medicinal plants Coix lachrymal-jobi L., Camptotheca acuminata, Ginkgo biloba L., and Forsythia suspense (Huang et al., 2003; Li, 2003b; Qi et al., 2003; Zhao et al., 2007) , but artificial infection may help to achieve unexpected results when the infection rate is increased during inoculation. Many researchers have found a variety of AMF in the rhizospheres of medicinal plants, and some species are present at high levels. These are the advantage species of medicinal plants. For example, Glomus geosporum is the advantage species of Panax notoginseng (Burk) F. H. Chen (Ren et al., 2007) , Acaulospora brieticulata is the advantage species of Paris polyphylla Smith var. yunnanensis (Zhou et al., 2009) , Scutellospora castanea is the advantage species of Pinellia ternate (Thunb.) Breit. , and Glomus and Gigaspora are the advantage groups of Ophiopogon japonicus (Pang et al., 2008) . If these advantage AMF species have important effects on the growth and quality of medicinal plants, they have great potential to be used as the exclusive AMF inoculum for the specific medicinal plants they are associated with. Therefore, the research on AMF diversity and advantage species of medicinal plants are important research areas to pursue in order to further understand the ecology of medicinal plants and AMF and the effects of AMF on the growth and quality of medicinal plants.
Impacts of AM Symbiosis on the Growth, Development and Resistance of Medicinal Plants
The biomass of medicinal plants is greatly affected by their growth, development, and disease status, which have been shown to be related to AMF (Table 3) . AMF help plants to improve the absorption of mineral nutrition and promote growth. Generally they promote the absorption of P, N, Mg, Na, Fe, Mn, Cu, Zn, S and other mineral elements by increasing their affinities, reducing the critical concentration of absorption, producing hyphae secretions, increasing absorption area, and shortening the diffusion area (Smith and Read, 2008) . Wei and Wang (1989) are the pioneers in China who have studied the relationship between medicinal plants and AMF. They have found that AMF promote the absorption of P and S in pot experiments performed in the greenhouse. Other similar studies have also shown that AMF help to increase the content of total N, total P and total K in Atractylodes macrocephala Koidz. and Salvia miltiorrhiza Bge. (Lu et al., 2008b (Lu et al., , 2011 He et al., 2009a; Wang et al., 2010; Meng and He, 2011; Huang et al., 2011) , and that AMF promote the nutrient absorption of Atractylodes lancea (Thunb) DC. (Guo et al., 2006) .
After forming a symbiotic relationship with medicinal plants, AMF improve the microenvironment of the soil and plant resistance, promote growth and development, reduce morbidity, increase tolerance for salt and drought, and reduce the stress of heavy metals Inoculating AM could increase the biomass, soluble sugar and chlorophll in leaves, P of the root, total N of the plant. strengthening the drought resistance of the plant (He et al., 2009a Meng and He, 2011) 
Astragalus membranaceus
Significantly improves growth and increases the biomass; improves soluble protein and sugar contents, as well as SOD, POD and CAT activities (He et al., 2009c ) Glycyrrhiza inflata Bat AM improves metabolic activity and the activities of protective enzymes of mycorrhizal plants (Liu and He, 2009) (Smith and Read, 2008; Yang et al., 2012b) . For example, the activity of the root of ginkgo seedlings (Ginkgo biloba L.) is increased, and the disease index of ginkgo leaf blight is significantly reduced in the presence of AMF (Qi et al., 2002 (Qi et al., , 2003 . Inoculation with G. mosseae and G. diaphanum promotes the height, basal diameter, fresh weight and dry weight of seeding, and improves the survival rate significantly (Fan et al., 2012a (Fan et al., ,2012b . The disease incidence rate of ginseng (Panax ginseng C. A. Mey.) is reduced and the survival rate is increased significantly after AMF inoculation (Li, 2003a) . AMF also play a role in delaying the lodging time of Pinellia seedling [Pinellia ternate (Thunb.) Breit.] . The hypha of AMF help with the absorption of mineral elements and soil water in the mycorrhizal plant. In plant infected with AMF, the metabolic activities and the protective enzyme activities are improved to strengthen drought resistance of Glycyrrhiza inflata Bat and Salvia miltiorrhiza Bge. (Liu and He, 2009; Meng and He, 2011) . In Forsythia suspense, seedlings infected with AMF are anti-drought through the accumulation of free proline and the elevation of SOD activity, as well as the reduction of cell membrane damages (Zhao et al., 2009) . Angelica dahurica plants inoculated with AMF also have high contents of chlorophyll, carotenoids, soluble sugar and soluble Significantly improve the plant height, number of branches/spread and biomass (Arpana et al., 2008; Rakshapal et al., 2012 ) Rauwolfia serpentina Benth.
Improve the content of phosphorus, chlorophyll and stomatal conductivity (Kaushish et al., 2012) protein, low contents of MDA and proline, and increased activities of superoxide dismutase and peroxidase in the leaves, which result in drought resistance (Zhao et al., 2011) The seedlings of Citrus aurantium L. inoculated with AMF are more salt resistant, and have higher soluble protein content, SOD activity and CAT activity in the roots than noninoculated seedlings (Wu et al., 2010) . AMF help medicinal plants to reduce the absorption of heavy metals. Wei and Wang (1989) have found that Datura stramonium L. plants inoculated with AMF have low contents of lead and cadmium. The impact of symbiosis on medicinal plants is related to soil fertility, quality of fertilizers used He, 2005, 2008; Lu et al., 2008a Lu et al., ,b, 2011 He et al., 2009c; Wang et al., 2010) , and AMF species Wang, 1989, 1991; Huang et al., 2011) . Researchers have found that medicinal plants inoculated with mixed AMF have higher fresh weight, dry weight, and propagation efficiency than those inoculated with a single AMF .
Under poor soil conditions, AMF promote the growth and increase the biomass of most plants. It is necessary to perform researches under environmental conditions inherent with those of the cultivation area in order to obtain the ideal conditions under which AMF promote the growth of medicinal plants.
In the conditions of a given soil and climate, proper control of the environmental factors by artificial means based on the use of agricultural facilities are required to provide more favorable conditions for the symbiosis between the medicinal plants and AMF, and to obtain robust and seedlings with resistance. The main goal in the cultivation of TCM is to increase production of the medicinal plants while reducing the use of chemical fertilizers and pesticides. The use of AMF will be helpful to achieve this goal.
Active Ingredients of Medicinal Plants and AM Symbiosis
The active ingredients of TCM are usually secondary metabolites of medicinal plants and are the key substances in treating diseases. Until now, the research direction with the highest priority was to promote the content of secondary metabolites of medicinal plants. More than 20 reports have shown the positive effects of AM on secondary metabolite production, including terpenes (such as total essential oil, sesquiterpene, and diterpenes), alkaloids (such as scopolamine, berberine, and camptothecin), and phenols (such as flavonoids and coumarin) ( Table 4) . Some researches have shown no effect of AM on the production of essential oil, although the total biomass is increased (Guo et al., 2006; Zhang et al., 2010 Zhang et al., , 2011 .
Terpenes consist of isoprene. It has been found that the contents of some isoprenoid derivatives are high in plants associated with AM, which is obviously related to the secondary metabolisms of the plants. Essential oil produced by medicinal plants is a mixture of terpenoids, and is often the active ingredients of herbal medicines. It has been shown that AMF promote the accumulation of essential oil in medicinal plants. For example, AM symbiosis is related to the increase in the synthesis of essential oils in Schizonepeta tenuifolia (Benth.) Briq. (Wei and Wang, 1991) , Atractylodes macrocephala Koidz. (Lu et al., 2011) , Artemisia Annua L. (Huang et al., 2011) , and Atractylodes lancea (Thunb) DC. (Guo et al., 2006; Zhang et al., 2010 Zhang et al., , 2011a .
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Y. ZENG et al. Increases the concentration of tanshinone significantly (He et al., 2009a Meng and He, 2011) 
Scutellaria baicalensis Georgi
Increases the concentration of baicalin significantly (Wang et al., 2012a,b) 
Metha arvensis
Significantly increase theessential oil yield (Gupta et al., 2002) 
Mentha viridis
Significantly increase theessential oil yield (Karagiannidis et al., 2011) Pogostemon cablin (Blanco) Benth.
Significantly increase the essential oil content (Arpana et al., 2008) ; enhanced the content of patchouli alcohol ( Camptotheca acuminata Increases the concentration of camptothecin significantly (Yu et al., 2010 (Yu et al., , 2012 ARBUSCULAR MYCORRHIZAL AND MEDICINAL PLANT 1211
It is believed that AMF can induce the production of phenolic compounds in plants and lead to the thickening of the cell wall, which is the natural barrier against bacterial invasion (Volpin et al., 1994; Harrison, 1999) . Phenolic compounds, such as flavonoids and coumarin, are the active ingredients in many medicinal plants. Researchers have found that the content of flavonoids in Bupleurum chinense, Salvia miltiorrhiza Bge., Ginkgo biloba L., Astragalus membranaceus and Scuteliaria baiealensis Georgi (Zhang et al., 2004; Teng and He, 2005; He et al., 2009a; He et al., 2009c; Meng and He, 2011; Wang et al., 2012a) , and the content of total coumarin and imperatorin in Angelica dahurica (Zhao et al., 2009; are significantly higher when they are associated with AMF.
The synthesis of plant alkaloids can be induced by exogenous biological stimuli, which may be related to stress and the defense response, because alkaloids are able to reduce the damages. AM symbiosis induces the production of hyoscyamine and scopolamine in Datura stramonium L. (Wei and Wang, 1989) . Seedlings associated with AMF have higher contents of berberine, jatrorrhizine and palmatine in Phellodendron amurense Rupr (Fang et al., 2006) , a higher content of berberine in Phellodendron chinense Schneid (Zhou and Fang, 2007) , a higher content of alkaloids in Pinellia ternate , and accumulate more camptothecin in Camptotheca acuminate (Yu et al., 2010 (Yu et al., , 2012 .
Plant secondary metabolism has important ecological roles, such as defending plant diseases and insect pests, communicating with other organisms and preventing UV damages. Different secondary metabolites have different ecological functions. Some plants produce alkaloids to prevent the attack of microorganisms, pests and animals (Bennett and Wallsgrove, 1994) . Others produce terpenoids to kill herbivorous insects and prevent insect feeding (Harborne, 1999) . In addition, secondary metabolites from medicinal plants are also being exploited to treat human diseases.
Discussion
AMF have been found to enhance biomass, improve disease resistance, increase heavy metal and salinity tolerance, stimulate photosynthesis, as well as influence the level of No effect on the content of essential oil (Guo et al., 2006; Zhang et al., 2010 Zhang et al., , 2011a ) Atractylodes macrocephala Koidz.
Increases the concentration of essential oil significantly (Lu et al., 2011 ) Artemisia Annua L.
Increases the concentrations of artemisinin and essential oil significantly (Kapoor et al., 2007; Chaudhary et al., 2008; Huang et al., 2011 secondary metabolites in plants (Smith and Read, 2008) . Therefore, the biotechnological use of AMF have been proposed for agriculture (Hamel, 1996) and endangered plants (Gemma et al., 2002; Turnau and Haselwandter, 2002; Zubek et al., 2008 ). The general purpose of studying medicinal plants is to obtain high-quality materials for the pharmaceutical industry, to achieve significant economic benefits, and to broaden the knowledge of biology and ecology of these valuable plant species. Because there are needs to develop herb varieties and to produce healthy medicinal plants with increased levels of active compounds, the exploitation of AM symbiosis can greatly benefit the herbal industry.
Besides literature that have been published in China, many research papers on the relationship between AMF and medicinal plants are published in SCI journals that are well known by the Chinese people. For example, AMF enhance the growth of Panax ginseng seeding and Rauwolfia serpentina Benth. (Cho et al., 2009; Kaushish et al., 2012) , improve the growth and production of essential oils of Mentha viridis (Karagiannidis et al., 2011) , induce the accumulation of vinblastine in leaves of Catharantus roseus (Rosa-Mera et al., 2011), and increase the biomass and content of patchouli alcohol or essential oil of Pogostemon cablin. (Arpana et al., 2008; Rakshapal et al., 2012) . Many researchers have found the beneficial effect of microbials and believe that it would be conducive to the TCM industry. Gupta et al. (2002) have investigated the effects of AM on Mentha arvensis under field conditions, and shown that AMF significantly enhance the yield of essential oil under field conditions. They believe that AMF can increase the licorice pharmic quality to enhance plant growth and glycyrrhizin accumulation of Glycyrrhiza uralensis Fish . The synthesis of artemisinin is not yet commercially feasible, therefore increasing the yield of naturally occurring artemisinin is an important area of investigation. Researchers believe that biotechnology can help to improve the biomass and the concentration of artemisinin in Artemisia annua L. (Kapoor et al., 2007; Chaudhary et al., 2008) .
The effects of AMF on the biochemical pathways of the host plants have attracted great attention worldwide (Copetta et al., 2006; Toussaint, 2007; Zubek and aszkowski, 2009 ). Many plants are considered as medicinal raw materials and food additives (e.g. spices). AMF influence the concentrations of several groups of plant metabolites such as alkaloids (Abu-Zeyad et al., 1999; Rojas-Andrade et al., 2003) , terpenoids (Akiyama and Hayashi, 2002; Kapoor et al., 2002a Kapoor et al., ,b, 2007 Copetta et al., 2006; Jurkiewicz et al., 2010) , carotenoids (Fester et al., 2002) , flavonoids (Larose et al., 2002) , glucosinolates (Vierheilig et al., 2000) , and phenolic acids Jurkiewicz et al., 2010) .
The mechanisms by which AMF trigger changes in the concentration of phytochemicals in plant tissues have been studied but are not yet well understood (Toussaint, 2007) . First, secondary metabolites are likely the signal substances between the plant and AMF when symbiosis establishes. Therefore, AMF cause changes in the secondary metabolism of the plant (Larose et al., 2002; Toussaint, 2007) . During AMF infection, the plant defensive reactions are also activated against invasion. The production of essential oils, phenolic compounds and terpenoids are actions against fungal infection and colonization (Copetta et al., 2006) . Second, AM symbiosis promotes the absorption of P, N and other mineral nutritients, and thus contributes to the accumulation of secondary metabolites of the plant. For example, isoprenoid biosynthesis requires acetyl-CoA, ATP and NADPH, and is dependent on the concentration of inorganic phosphorus in the plant, so the terpenoid derivative essential oils are enhanced through the absorbance of P (Loomis et al., 1972) . Tyrosine and phenylalanine are important precursors of some secondary metabolites, such as rosmarinic and caffeic acids (Petersen and Simmonds, 2003) . Therefore, AM symbiosis enhances the synthesis of certain amino acids by promoting N absorbance and thus contributes to the accumulation of specific metabolites (Smith and Read, 1997; Toussaint et al., 2004) . Third, it is believed that the symbiosis of AM results in the increase of terpenoids and phenolic acids, which may be the result of increased absorption of mineral nutritients especially P and N (Kapoor et al., 2002a,b; Toussaint et al., 2007) . Finally, it is likely that the changes in secondary metabolism plants are a result of cytokinins or gibberellin changes (Allen et al., 1980 (Allen et al., , 1982 Copetta et al., 2006; Kapoor et al., 2007; Toussaint, 2007) . But these possibilities all remain to be tested (Toussaint, 2007) .
Research Prospects
This article introduced some examples of the relationship between AMF and medicinal plants published in Chinese journals. These results are difficult for the researchers in other countries to access. Many researches have shown that AMF benefit the growth of medicinal plants by increasing the levels of secondary metabolites in medicinal plants. However, the mechanisms by which AMF trigger changes in the levels of active ingredients in medicinal plants remain unknown. We hope to enhance the concentration of active ingredients in medicinal plants using AMF, which are important to the TCM industry. It has become a consensus that AMF promote the biomass of medicinal plants, especially under poor soil conditions. It is favorable to improve the contents of secondary metabolites of medicinal plants, although some researches have shown that the content of essential oil remain unchanged (Guo et al., 2006; Zhang et al., 2010 Zhang et al., , 2011 Binet et al., 2011) . However, with the improvement in plant biomass, the total yield of essential oil is still enhanced.
The promotion of AMF to secondary metabolism in medicinal plant also has specificity. Khaosaad et al. (2006) have observed that G. mosseae has no effect on the composition of essential oils in three Origanum vulgare L. genotypes; however, the total essential oil contents in two other genotypes are increased with AMF inoculation. Furthermore, there is AMF species specificity in promoting flavonoid production in M. sativa (Larose et al., 2002) and phenolic acid production in O. basilicum . So it is important to study specific strains that have significant effects in improving biomass and the levels of effective components.
The following aspects will likely become the key research directions in the future: (1) Excavation of efficient local AMF strains; (2) Massive production of AMF inoculum for medicinal plants; (3) Medicinal plants seedling production with mycorrhiza; (4) Intensive cultivation of medicinal plants and the production of organic medicinal materials; and (5) Mechanisms by which AMF changes the content of active ingredient in medicinal plants.
